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(54) Cryogenic rectification system for producing low purity oxygen and high purity oxygen 

(57) A cryogenic rectification system employing an 
additional rectifying section in parallel with the lower 
section of the lower pressure column of a double col- 
umn for producing product oxygen at both low and high 
purity 
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from the second product portion. 



Technical Field " ' 

This invehtibn' relates generally to the production of 
oxygen and. more particularly, to the cryogenic rectif ica- 
tion of feed air to produce'bxygeri. 

Background Art ' '"' " •" ' ■ ^ • ■' 

The demand for low purity oxygen is iricreasihg in 
applicatroris such as glassniaking; steeimakin^ and 
energy production. Low jaurity oxygen is generally pro- 
duced in large quantities by the cryogenic rectif ication of 
feed air in a double cdturrih wherein feed aiir at the pres'-" ' 
sure of the higher p'resfsijre dbiumn is used to reboil the'' 
liquid bottom's of thb lower pressure column and is then 
passed into the higher pressure column. ' = 

Some users of low purity oxygen, for exiample ihte-\ 
grated steel mills, often require some high purity oxygen 
in addition to low purity oxygen. Such dual purity pro- ' 
duction cannot be effidently accomp^lished with a con- 
ventional' low purity'oxygen plant! 

Accordingly, it is an otsject of this invention to" pro- 
vide a crybgenic rectif ic^tioh systerri which can effec- 
tively arid efficiently produce bbth low purity bxygeh and 
high purity oxygen.' ' 

\t is another object of this invention to provide a rec- 
tification column which can produce product haivihg two' 
purities, e.g: low purity bxygen and high purity oxygen.\ 

The above' and other objects, which will become 
apparent to those skilled in the art upori a reading of this 
disclosure, are attained by the present invention, one ' 
aspect of which is: 

A method for producing high purity oxygen and low 
purity oxygen cornprising: - ! . 

(A) condensing feed air and passing the resulting 
feed air into a higher pressure column;' 

(B) separating the feed air within the higher pres-, 
sure column by cryogenic rectrficatibn into bxygeh- 
enriched liquid and nitrogen-enriched vapor; 

(C) passirig bxyg^n-enriched liquid fron the higher' ' 
pressure column into ai lower pressui'e colurnn hav- ■ 
ing a f ii^st pi-oduct portion arid ai second product por- 
tion separated by a longitudinally bl-iesnted partition; ' 

(D) processing oxygen-enriched liquid, in each of 
the first product portion and the second product 
portion of the lower pressure column by cryogenic 
rectification and producing high purity oxygeri in the" 
first product portibri and low purity oxygen in the 
second prodLict portion; 

(E) reboilihg the first product portion by the said 
condensing feed air and reboiling the second prod- 
uct portion by condensing nrtrogen-enriched vapor 
from the higher pressiire column; a^^ 

(F) , recovering high purity oxygen' from thb first 
product portion and recovferihg low purity oxygen 



Another" aspect of th^ invention is: " ■ ' 
ApiiFiai'atus for producing high purity oxygen and low 
5 purity bxygen coiriprisihg: 

" (A) a first column; ' ' ' ' " 

(B) a second column having a coiUmn section dom- 
prising a f irst product portion and a secbnd product ■ 
portion separated by a longitudinally oriented parti- 
tion; 

(C) a first reboilel- located withiin the firet prbduct 
pohion, and a second ' rebbiler located within the 
second product portion; 

(D) tneans for passing feed aii* into the f ii'st feboiter 
arid from the first reb'oiler into the first column; 

(E) means for passing f juid from the lower portion of 
the ifirst column into the second column and means 
for passing fluid from the upper poi'tibh of the first 
column into the second rebciler; and 

(F) "means for recoveririg high purity oiygen from 
thia first product portion and means for reco\^ering 
low purity oxygen froni the second product portion. 

A further aspect of the invention is: 
A rectification column for producing first product 
and second product comprising: 

(A) a column section having' a partition longitudi- 
■ naliy oriented within the column sectioh which 

' divides the column sectioh into a first prbduct por- 
tion and a second product portion; 

(B) a first reboiler located within the first product 
portion;'^ 

(C) a second reboiler located within the second 
product portiorf;' 

(D) hieahs for passing feed into the column above 
at least some of the column section; 

(E) means for withdrawing first product from the col- 
urnn section proximate the f irist reboiler; arid 

(F) means for withdrawing 'Second prbduct frorri the 
column s.ection proximate the secbnd reboiler. 

Yet ariother aspect 6f the invention is: 
A method for producing high purity oxygen and low 
' purity oxygen comprising: ■ ' 

(A) condensing feed air and passing the resulting 
cbrxlerised feed air inifo a higher preW 

(B) Separating the feed air' within the higher pres-' 
sure column by cryogenic rectif icatioh into oxygen- 
enriched liquid arid nitrogen-enriched vapor; 

(Cy passing oxygen-enriched liquid frorh the higher 
pressure column into a lower' pressure column arid 
prpducirig loW purity oxygen by cryogenic rectifica- 
tion within the lower pressure colurriri; ' ' 
(D) withdrawing oxygen-containing' fluid froin the 
lowef pressure coluriin arid passing it into an auxil- ' 
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iary column, and produping high purity oxygen by. , 
cryogeiiic rectification within the auxiliary column; 

(E) reboiling the auxiliary column by the said con? 
densing feed air and reboiling , the lower pressure , 
column by condensing nitrogen-eririched vapor s 
from the higher pressure column; and 

(F) recovering high purity oxygen froni the lower 
portion of the, auxiliary co|umn;and recovering low , 
purity oxygen from the lower portion, of the lower 
pressure column, , , . ! ^ i . . 10 

As used herein, the term "feed air" means a mixture 
comprising primarily oxygen and nitrpgen, such as 
ambient air. 

As used herein, the term "low purity oxygen" rneans- is 
a fluid having an oxygen concentration with the range of . 
from 50 to 99 molq. percent. , ? , - > 

As used herein,,. the term, "high purity ,pxyg:e.n? 
means a.fluid having an oxygen concentration greater . 
than 99 mole percent. „ - . . , 2£3 

As used herein, the term , "column" means a distilla- 
tion or fractionation column or zone, -i.e. a contacting ^ 
column or zone, wherein liquid and vapor phases are 
countercurrentiy contacted to effect separation of a fluid 
mixture, as for example, by contacting of the vapor and . 2S 
liquid phases on a series of vertically spaced trays or 
plates mounted within the column and/or on packing 
elements such as structured or random packing. For a 
further discussion of distillation columns, see the Chem- . , 
ical Engineer's Handbook, ^ifth edition, e^^^ . 30 

Perry and C. H.' Chilton, .McGrawrHHI Book Company, 
New York, Section 13, The Continuous Distillation Proc- 
ess . The term, double column is used to mean a higher 
pressure column having its upper end in heat exchange 
relation with the tower end of a lower pressure column. 3s 
A further discussion of doible columns, appears, in ^ 
Ruhernan "The Separation of Gases", Qxford, University; 
Press, 1949, Chapter VII, Comrriercial Air Separation. 

Vapor and liquid contactihg^^^eparation processjes; 
depend on the difference in vapor pressures for this 40 
components. The high vapor pressure, (or more volatile: 
or low boiling) component will tend to. concentrate in.the, 
vapor phase whereas the low vapor preissure (or less 
volatile or high boiling) componetpt will tend to concen- 
trate in the liquid phase.j Partial cbndensa'tiori is the sep- 45 
aration process whereby cooling of a vapor rriixture'can , ... , 
be used to concentrate the volatile component(s) in the 
vapor phase and thereby_the less volatile compppent{s)^ 
in the iiqujd; phase. TRectificati^^ qr.^cqntinuous.distiila'; 
tion, is the separation process, th^t corribines succes- , so 
sive partial vaporizations . and^ condensations ak 
obtained by a courrtercun-ent treatment of the.vappr and . 
liquid phases. , TJie , cquntercurrent contacting of the ., 
vapor and. liquid phases is. generally adiabatic and can. . 
include integral (stagewi,se), or differential (continuous) ss 
contact between the ;phases, Separation , process 
arrangements th^t utHize the principles of rei^if icatipn to 
separate mixtures are often iriterch^ngeai^ly ! tert^^ 



rectification columns, distillation columns, or fractiona- 
tion columns. Cryogenic rectification is a rectification 
process carried out at least in part at temperatures at pr 
below 150 degrees Kelvin (K). 

, A§ used herein, the term "indirect heat exchange? 
means the bringing .of two JIuid streanis into , heat 
exchange relation without ar\y, physical contact or inter- 
mixing of the fluids with each other. 

As used herein the term "reboiler" means a heat- 
exchange device which generates column upflow vapor 
from column liquid. , ., , ; . 

As used herein, the term, "reboiling" means vaporiz- , , 
ing column liquid by. indirect heat exchange with cooling . 
and/or condensirig fluid. . , . , > . . 

As, used herein, .the terms ■'tarbpexp.ans;ion",~and 
"turboexpander" mean respectively method, and appa- ^ 
ratus for thef low of high pressure gas through a tuit>ine 
to reduce the pressure and the ternperature of the gas., 
thereby, generatirig refrigeration. ; , ,. . l . ~ . , 

.. As used herein, the terms "upper pbrtiori" .and 
"lower portion" of a. column or column portion, meari. 
those sections of the column qr.columh pprtion respec- 
tively above and below the rnid point of, the column, or 
column portion. ,, . ; , ' , / , . . . , . 

As. used herein, the terrn "structured packing" 
means packing wherein individual members have spe- 
cif ic orientation relative to each othei- and to the column 
axis. . ^ _., ,. ^. ^ . „ 

As used herein, the term ^equilibrium stage" means 
a vapbr-liquid contacting stage whereby the vapor and 
liquid leaving thei stage are in mass frarisfer equilibriurn, 
e.g. a tray having ioo percent efficiency or a packing , 
element height equivalent to one theoretical, plate 
(HETP) ..^i--', 

As used herein, the term "longitudinally, oriented" 
means in the direction of the major a)(is pf^he column. , 

As used herein, the terms "liquid to vajaor ratio" and 
"l_/V" mean the ratio of ttie quantity.of liquid flow down a 
column to the quantity 'bf vapor rising in thf column. 

Brief Description of the Drawings .. , .. 

Figure 1 is a sinripjified scliematic represerTtation of, 
one preferred embodimerrt of the .invention. / , ^ . „ 

Figure 2 is a simplified schematic representation of 
another preferred embodiment of the Jrwention.'., , 

Detailed Description ... , . V. . 

In .geneiriil,.. the invention conriprises an additional 
strijDping section in parallel , with the lower section or 
stripping section of the lower pressure cblunnh of a dqu- 
tjle column low purity oxygen plant.'the additional strip- 
ping section processes oxygen;Containing liquid and is 
reboiled by ,hi,gher pressure feed' air. The additipnal 
stripping section is operated at a higher Jiquid tp^ vapor , 
ratio and/or with a greater riumljer^bf eciuilibrium,stages , 
than is' the. strippjng sedtion^ of the lower pressure col- 
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umn and accordingly produces high purity oxygen by 
the cryogenic rectification of the oxygen-containing liq- 
uid. In a particularly preferred embodiment,- the addi- 
tional stripping section is housed within the lower 
pressure column, partitioned from the low purity oxygen 5 
stripping'seclibn. , - ' 

The invention will be described in greater detail with 
reference to the Drawings! Refei'rihg ho>w to Figure 1, 
feed air 150, which has been cleaned of high boiling 
impurities such as water vapor and carbon dioxide, and 10 
which is at an elevated pressure generally within the 
range of from 60 to 150 pounds per square inch abso- 
lute (psia), is divided into first' portion 100 and second 
portion 166/First portion I00 is passed into first rebdiler 
10 whei'ein it is at least piartially condensed by indirect 15 
heat exchange with bottom liquid as will be more fully 
described below. Resulting condensed feed air 102 is 
passed intb first or higher pressure column 20 which is 
part of a double column system which also corriprises 
second or lower pressure column 21: Second feed air so 
portion 160 is passed directly into higher pressure col- 
umn 20. • ■ "'" . 

Higher pressure column 20 is operating at a pres- 
sure generally within the i-ange of ffonri 60 to 150 psia. 
Within the higher pressure 'coiumh the feed air is sepa- 25 
rated by cryogenic rectification into oxygen-enriched liq- 
uid and nitrogeri-enriched vapor. Oxygen -enriched 
liquid, which generally has an oxygen coricentration 
within the range of from '30 to 55 moje' percent, is 
passed from thie' lower portion of higher pressiire col- so 
umn 20 in streanh 103 and fed into lower pressure col- 
umn 21. 

Lower pressure column 21 is operating at a pres- 
sure less than that of higher pressure column' 20 and 
generally within the range of from 15 to 35 psia! Lower' 35 
pressure column 21 has a longitudinally oriented parti- 
tion 22 which defines a column section icomprising a ' 
first product portion 23 and a second' product portion ■ 
24. First reboiler 10 is located in the lower portion of first 
product portion 23. Second reboiler 12 is locat^ in the 40 
lower portion of second product portion 24. Oxygen- 
enriched liquid 103 is fed into lower pressure column 21 
atx)ve at'least some of the pai'titlbned coturhn section. 
Preferably, as iljustrated in Figure 1, oxygeri-enriched 
liquid 103 is fed irito lower pressure column 21 above all 45 
of the partitioned column section, i.e. at or iabove the top 
of the partitioned colunin section. 

The oxygeri-enriched liquid is passdd down in par- 
allel through eadh of first product portion 23 and second 
product portion 24 against upflowing vapor and in the so 
process is separated by cryogenic rectifibation to form 
high purity oxygen and tow/ purity' oxygen respectively. 
The first product portion is operated at a higher liqufd to 
vapor ratio and/or has a greater number of equilibrium 
stages than the second product portion enabling the ss 
production of the higher ptjrity prod6ct. FTeferably the 
column internals, i.e! the mass transfer elemehts, within 
first product faortiori 23 aind second product portion 24 



comprise structured packing.' 

High purity oxygen liquid pools at the bottom of first 
product portion' 23 and is rebbiled by the aforesaid at 
least partially condensing feed air 100 to produce 
upflowing vapor within first product portion 23. Product 
high purity oxygen is recovered as liquid and/or gas 
from the first produci portion 23 proximate.first.fi*oiler 
10. In the embodiment illustrated in Rgure i , high piirltyV' 
oxygen is withdrawn from first product portion 23 as liq- 
uid in stream 112 a:ixl recovered, ' 

Low purity oxygen liquid pools at the bottom of sec- 
ond product portion 24 and is reboiled by condensing 
nitrogeri-enriched vapor 109 taken from the upper por- 
tion of higher jaressure column 20 to produce upflowing 
vapor within second product portion 24. Product low 
purity oxygen is recovered as liquid and/or gas from 
second product portion 24 proximate second reboiler 
12. In the ernbodiment illustrated in Figure 1, tow purity 
oxygen is witfidrawn from second product portion 24 as 
liquid in stream 113 and recovered. Condensed hitro- 
gen-enriched fluid is withdrawn from second reboiler i2 ' 
as liquid stream 25. A first portion 1 1 0 of stream 25 is 
passed into higher pressure column 20 as reiflux and a 
second portion 1 1 1 of stream 25 is passed into second - 
column 21 as reflux. A nitrbgen-containing stream 26 is 
withdrawn from the upper portion of second column 21 
and may be recovered as product nitrogen. 

Rgure 2 illustrates another embodinrient of the 
invention wherein the additional p^allel stripping sec- 
tion for producing high purity oxygen is located iri a sep- 
arate auxiliary columri! Referring riow to Figure 2, feed 
air 170, which has been cleaned of high boiling impuri- 
ties such as water vapor and carbon dioxide, and which 
is at an elevated pressure generally within the range of 
from 60 to ISO psia, is divided into first portion 30 and 
second portion 180. First portion 30 is passed into aux- 
iliary column rel3oiler 31 wherein it is at least partially 
condensed by indirect heat exchange with bottom liquid 
as will be more fully described below. Resulting con- 
densed feed air 32 is passed into ifirst or higher pressure 
column 33 which is piart of a double column system 
which ailso comprises second or lower pressure column 
34. Second feed air portion 180 is passed directly into 
higher pressure co|umn 33. 

" Higher pressure colunrin 33 is operating at a pres- 
sure generally within the range of from 60 to 150'pisia\ ' 
Within Kigher pressure column 33 the feed air is sepa-. 
rated by cryogenic rectification into oxygen-enriched liq- ' 
uid and nitrogen-enriched vapor. Oi^gen-eni;iched ^ 
liquid, whicH generally has an'pxygen conceritratioh - 
within the range of from 30 to 55 mole percent is piassed 
from the lower portion of higher prisssure column 33 in 
stream 35 Into tower pressure 'felumii 34 which' Is oper- 
ating at a pressure less than that of higher i3ress.ure col- 
umn 34' and geriieirally withiin'the range of frorh 15 to 35 
psia. Nitrogen-enriched vapor is pass^ frorri the upper 
portion of higher pressure column 33 in stream 36 into 
lower pressure column reboiler 37 wherein it is con- 
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densed by indirect heat exchange with lower pressure 
column bottom liquid. Resulting nitrogen-enriched iiquid 
38 fs divided into first portion 39 which Is passed into;, 
higher pressure column 33 as reflux, and into second 
portion 40 which is passed into lower pressure column 
34 as reflux; Also' passed into cblurhri 34 is additional 
feed air stream 120 ywhich has turbpexpanded to 
generate refrigeration. . ' , ' " ' ' , 

Within lower pressure column 34 the ifeeds are sepT ., 
arated by cryogenic rectification into low purity oxygen 
and nitrogen-rich vapor.i The low purity. oxygen, pcw)ls as... 
liquid at the bottom of lower pressure column 34 and is 
reboiled by condensing nitrogen-enriched vjapor 36., 
Product iowpurity oxygen is recovered as liquid an^/or 
vapor from the, lower jaortion of lower pressure column 
34. In the ernbodiment illustrated in Figure 2, tow purity 
oxygen is withdrawn from column 34 as iiquid |n stream 
41 and. recovered. Nitrogen-rich vapor is withdrawn 
from the upper portion of column i34 as stream 42 and 
may be recovered as product nitrpgen. A waste strearp 
is also witixJrawn from column 3,4 below the top of the . 
column for product purity control purposes. . 

An oxygen-containing liquid stream 121 , having an ' 
oxygen concentration generally within the range of from , 
50 to 95 rnole percent, is withdrawn from lower pressure 
column 34 and passed into the upper portion of third or 
auxiliary column 44 and is separated witiiin column 44 
by cryogenic rectification into high purity oxygen and 
remaining vapor. Auxiliary column 44 , operates ; at ^ a 
pressure generally within the range of .from 17 to. 35 
psia. Auxiliary column 44 is operated at a higher liquid 
to vapor ratio and/or has a greater number of equilib- 
rium stages than does the section of lower pressure col- 
umn 34 below the withdrawal point of. stream 121. High 
purity oxygen liquid pools, at, the bottom of auxiliary col- 
umn 44 and is reboil6d by the afpresaid at least partially 
condensing feed air $0! Product high purity oxygen is, 
recovered as liquid and/or.gas from auxiliary column 44.' 
In the embodiment illustrated Jn .Figure 2, high pui-ity 
oxygen is withdrawn frorri auxiliary column 44 as liquid 
in stream 45 and recovered. F^emaining vapor, is with- 
drawn from the upp^r portion of auxiliary columri 44 and 
passed in strearri 1.22.,into the^ lower pressure column 

34. ' ' " ' ' j 

Now by the use of this invention one can effectively ', 
produce both high purity "oxygen arid low^ purify oxygen 
from a, cryogenic air separation plant. Although the, 
invention has been described in cietail with reference to 
two preferred embodiments, those skiljed in. the art wijf ^ 
recognize that there.! are" otrier eiinbbdjmerits of. the 
invention' within the spirit and the'lscope of the claims. 
For example, the partitioned column rnay have "more , 
than one partition and the partitioniejd section rnay con-, 
tain morie than two product portions each with its own 
reboiler. Jn.this way.three or more. oxygen 'pfoducts^rp^yf 
be produced at differqrit purity levels, .. ' \^ .' ■ 



1 . A methodrfor producing high. purity oxygen and low, . 
purity pxygen comprising:: > , ,-; , ■ 

(A) condensing feed air and passing the result-;,. 
r 'mg feed air into a higher pressure column; . „ 

(B) separating the feed air within 
pressure cplumn by cryogenic. rectification into 

; oxygen-enriched liquid and. nitrogen-enriched 
"vapor: / , '! , / ■ '\ . " ,. ^ 

(C) passing, oxygen-enriched liquid from , the 
higher pressure cplumn into a lower pressure . 
column having a first product, portion and a ' 
second product portion separated by a longitu- . 
dinally oriented partition; , 

. (P) processing oxygen-enriched liquid in eachl 
of the first product portion arid the second., 
product portion of the lower pi'essure colurnn 
by cryogenic rectification and producing, high 
puri^ oxygen i.n the first product portion, and. 
low purity oxygen in the second product por- 
tion;, ^ , ., ...^ . .. ... , ,[ .' ' 

(E) reboiling the first product pprtioriBythe said 
condensing feed air and reboiling the second 
product portion by condensing , nitrogen- 
enriched vapor from the /higher pressure col- 
umn; and , ^ ' . 

(F) recovering high purity oxygen from the first 
product portion and recovering low purity oxy- 
gen frorn^ the. second product portion. . 

2. The niethod of claim 1 wherein the liquid to .vappr 
ratio in the first product portion exceeds,the liquid to 

,, vapor ratio in the second product, portion- 

3. Apparatus for producing high purity oxygen and low 
purity oxygen cpmprising:. 

(A) a first column; . . 

. (B) a second, cplumn having a column section 

cornprisi'ng a first product portion arid.a second 

product' portion separated by a longitudinally 

oriented, partition; , , 

"(C) a first reboiler located witiiin the first priad- 
, uct portion, and a second, reboiler . .lopated . 
' within the second product portion;, " 

(D) . means for passing feed. air into the, first 
, . rebpiler "and from the first reboiler into the first 

cplumn;" '.„ . ' . ' /V- 

(E) means for passing fluid frorn the lower por- 
"tipn of the first column iiito the second column 
and means for passing f IjLiid from the. upper ppr- 
tion.ofttie first column into. the second reboiler'; 
arid ■ ', ./ . " ', ' . V."^ ' 

, (F) mearis for , fecxjvering hijgh pyrity OJ<ygen 
., .from' ^the fir^t' product portion arid nieans for 
. Vecpvering low purity /pxygeri from the second ! 
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product portion. 

4. The apparatus of claim 3 wherein the first product 
portion has more equilibrium stages than the sec- 
ond product portion. 

5. A rectification column for producing first product 
and second product comprising: 

(A) a column section having a partition longitu- 
dinally oriented within the column section 
which divides the column section into a first 
product portion and a second product portion; 

(B) a first reboiler located, within, the first prod- 
uct portion; 

(C) a second reboiler located within the second 
product portion; 

(D) means for passing feed into the column 
above at least some of the column section; 

(E) means for withdrawingif irst product from the 
column section proximate the first reboiler: and. 

(F) means for withdrawing second product from 
the column section proximate the* second 
reboiler. ' " 

6. The rectification column of claim 5 wherein the first 
product portion has more equilibrium stages than 
the second product portion. 

7. The rectification column of claim 5 wherein the said ■ 
column section has mass transfer elements which 
comprise structured packing. ' 

8. The rectification column of claim 5 further compris- 
ing at least one additional partition longitudinally 
oriented within the column section to define at least 
one additional product portion having a reboiler, 
and means for withdrawing product from , each of 
said additional product portions. 



oxygen by cryogenic rectification within the 
auxiliary column; 

(E) reboiling the auxiliary column by the said 
condensing feed air and reboiling the lower 

5 pressure column by condensing nitrogen- 

enriched vapor from the higher pressure col- 
umn; and 

(F) recovering high purity oxygen from the 
lower portion of the auxiliary column and recov- 

10 ering low purity oxygen from the lower portion 

of the lower pressure column. 

10. Tlie method of claim 9 wherein the liquid to vapor 
ratio in the auxiliary column exceeds the liquid to 
IS . vapor ratio in the lower pressure column below the 
point where the oxygen-containing liquid is with- 
' drawn from the lower pressure column. 



9. A method for producing high purity oxygen and low 
purity oxygen comprising: 

(A) condensing feed air and passing the result- 
ing condensed feed air into a higher pressure 45 
column; 

(B) separating the feed air within the higher 
pressure column by cryogenic, rectification into 
oxygen-enriched liquid and nitrogen-enriched,, , 
vapor; so 

(C) passing oxygen-enriched liquid from the 
higher pressure column into a tower pressure 
column and producing low purity oxygen by 
cryogenic rectification within the lower pres- 
sure column; 55 ; 

(D) withdrawing oxygen-containing fluid from 
the lower pressure column and passing it into 
an auxiliary column, and producing high purity 
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